Although hydroelectric power plants generate most electricity in Brazil, the dams provide environmental barriers which also include the interruption of fish migration. Current study, conducted prior to the construction of São Domingos HPP on the shaft of the Cachoeira Branca (waterfall) on the Verde river, state of Mato Grosso do Sul, Brazil, evaluated the genetic diversity of two natural populations of dourado (Salminus brasiliensis) located downstream (Population A -PopA) and upstream (Population B -PopB) the waterfall. Eight primers were employed to analyze 56 specimens (PopA: 26; PopB: 30) and observed in 102 fragments, of which 86 were polymorphic (84.3%). Low frequency fragments (PopA: 2; PopB: 1), three limiting fragments (PopA) and three exclusive fragments (PopB) were identified. The intra-population genetic variability calculated the Shannon index, whilst the percentage of polymorphic fragments showed high rate variability within each population (PopA: 0.300 and 60.80% and PopB: 0.411 and 79.40%, respectively). The distance and genetic identity revealed high genetic differentiation (0.076 and 0.927, respectively). Results reveal that populations have high intra-population genetic variability and genetic differentiation between them, with low gene flow. 
Introduction
Although most electric power in Brazil, specifically 70.81% of total energy capacity, comes from hydroelectric plants (BRASIL, 2015) , dam construction triggers various environmental factors (LIMA, 2015) which greatly affect issues on local fauna, varying in quality and intensity. Fish reproduction strategies, migration patterns, trophic specialization and pre-adaptation degrees to lake environments may be highlighted (AGOSTINHO et al., 2007) .
In spite of the fact that dam construction is a source of low-cost and sustainable energy (BRASIL, 2015) , it is one of the main causes in the decrease of fish population worldwide since it forms a physical barrier for fish migration and, consequently, fish reproduction, coupled to the fact that it jeopardizes species variability through the use of physical space, changes in food provision and water quality. In fact, dams hinder and delay fish movement towards the upper regions of the hydrographic basin and may even cause gonadal regression and impair reproduction in the current cycle (ANDRADE, 2009) .
The dourado (Salminus brasiliensis) (Cuvier, 1816) is a migratory and carnivorous fish species, highly appreciated as a fishing sport and for its meat (FLORA et al., 2010; FRACALOSSI et al., 2002) . According to Lima et al. (2013) , S. brasiliensis is a native fish species characterized by long-distance migration for reproduction. Its greatest activities occur during the hot and rainy period between October and January.
Transposition ladder devices permit the passage of fish between the dam regions (upstream and downstream) (AGOSTINHO et al, 2007) , even though only species ascending within these systems has been observed. There are no studies on the importance and effectiveness of these ladders for the preservation of fish populations in hydrographic basins (SIROL; BRITTO, 2006; AGOSTINHO et al., 2007) . Moreover, little is known on HPP mechanisms with regard to fish movements and spatial distribution near the dams (SUZUKI, 2014) . Further studies on the technical, biological and size aspects of these artificial pathways for migrating fish are needed (ARRAIS et al., 2013) and the way they affect genetic and population aspects.
Since the loss of genetic variability decreases the adaptability and survival of the offspring, genetic diversity in natural stocks should be maintained SAURA et al., 2006) . Therefore, the maintenance of genetic diversity in natural and strategic stocks that monitor such diversity is mandatory to mitigate the decline in variability and genic flux among divided populations (MARTELETO, 2015) .
Current research evaluates the genetic variability of S. brasiliensis populations prior to the construction of the HPP to have an idea of the species´s genetic variability.
Materials and Methods
The HPP São Domingos was built in the Verde river, between the municipalities of Água Clara and Ribas do Rio Pardo in the northeastern region of the state of Mato Grosso do Sul, Brazil. The plant´s reservoir merely maintains the required level gap for the generation of electricity. The reservoir started filling on October 5, 2012 and was concluded on January 9, 2013, with 345 m, coupled to the flooding of the Verde, São Domingos and Araras rivers. Electricity generators 1 and 2 started functioning on June 2013 and July 2013, respectively (ELETROBRAS-ELETROSUL, 2014). The plant was built on the Cachoeira Branca axis which, in its turn, was characterized by a set of two waterfalls, with strong rapids for approximately 1200 m in length, 75 m wide and a 9 m level gap between waterfalls. Prior to the construction of the electric plant, it seemed to have been a physical barrier for the migration of fish. DNA was extracted according to methodology by Lopera-Barrero et al. (2008a) , or rather, 550 μL lysis buffer (50 mmol L -1 Tris-HCl, 50 mmol L -1 EDTA, 100 mmol L -1 NaCl and 1% SDS) and 7 μL proteinase K (200 mg μL -1 ) were added to microtubes with the fins. The material was incubated in a warm bath at 50ºC for 12 hours. DNA was precipitated with 600 μL of NaCl solution (5 mol L -1 ) and centrifuged for 10 min at 14.645 g. The supernatant with DNA was transferred to 800 μL microtube, precipitated with 700 μL absolute ethyl alcohol and incubated for 1 hour at -20ºC. DNA was then centrifuged, washed in 700 μL ethyl alcohol 70%, suspended in 85 μL TE buffer (10 mmol L -1
Tris pH 8 and 1 mmol L -1 EDTA) and treated with 7 μL RNAse (30 mg mL -1 ) in a warm bath at 37ºC for 1 hour. After the above procedures, the material was stored in a freezer at -20ºC.
DNA was quantified in a spectrophotometer (Shimadzu Corporation, Kyoto, Japan) with 260 nm absorbance. Samples were diluted for a concentration of 10 ng μL -1 . Agar gel electrophoresis 1% was performed to guarantee the quality of extracted DNA, by buffer TBE 1X (500 mmol L Amplification conditions were based on procedures by Williams et al. (1990) , with modifications. DNA was amplified in a 15 μL reaction volume in which 1X Tris-KCl, 2 mmol
of each dNTP, one Platinum Taq DNA Polymerase unit (Invitrogen, Carlsbad, USA), and 10 ng target DNA, were used as buffer.
DNA was denatured at 92ºC for 4 min; 40 cycles were performed, each with 40 s denaturation at 92ºC; 1:30 min annealing of starter at 40ºC; 2 min for extension at 72ºC; followed by a final extension at 72ºC for 5 min. Reaction were amplified in an Eppendorf MasterCycler Gradient thermal cycler. Eight different 10-base starters were chosen from Kits OPA, OPW and OPX (Operon Technologies Ltd., Valencia, USA) with the best definition and reproducibility (Table 1) .
Amplification products were separated by agar gel 1.5% and 15 μL of the amplified product and 2 μL of the sample buffer (40% sucrose and 0.25% bromophenol blue) were used in horizontal electrophoresis. Electrophoresis was conducted in TBE 0.5X buffer (45 mmol L -1 Tris-Borate and 1 mmol L -1 EDTA) during 4 hours, at 70 volts. Quantification and amplification gels were perceived under UV radiation after exposure with ethidium bromide (0.5 μg mL -1 ) for 1 h. The image was photographed by a Loccus Trans-illuminator -L PIX (USA). Size of fragments by amplifications was estimated by comparing to standard ladder 100 bp (Invitrogen, Carlsbad, USA). The presence or absence of identical molecular sizes was employed to build a similarity matrix based on Jaccard´s similarity coefficient, coding 1 as presence of fragment and 0 as absence.
Shannon´s genetic diversity index and percentage of polymorphic fragments (95% criterion) were obtained by PopGene 1.31 (YEH et al., 1999) , whilst TFPGA 1.3 (MILLER, 1997) determined genetic distance and identity (RAYMOND; ROUSSET, 1995). Arlequin 3.0 (EXCOFFIER et al., 2005) determined the genetic differentiation by Fst (ancestry coefficient) estimates (WEIR; COCKERHAM, 1984) and for the analysis of molecular variance (EXCOFFIER et al., 1992) . The significance of tests was verified by the randomized permutation method, with 1,000 and 10,000 permutations. The program was also employed to determine the number of migrants per generation (Nm). The statistical significance of Fst was obtained by χ 2 test [c² = 2n Fst (k-1); GL = (k-1)(s-1)], following Workman and Niswander (1970) , in which: n is the number of specimens in the two groups; k is the number of alleles; s is the number of groups. The greatness of genetic difference between stocks was calculated according to Wright (1978) , or rather, low (Fst = 0 -0.05); moderate (Fst = 0.05 -0.15); high (Fst = 0.15 -0.25) and very high (Fst>0.25).
Results and Discussion
One hundred and two fragments were detected of which 86 (84.3%) were polymorphic. The number of fragments ranged between 7 and 18, sized between 240 and 2400 bp (Table 1) . Some studies on S. brasiliensis provided number of fragments and polymorphism very similar to current assay. Gomes et al. (2011) studied restocking programs and detected 96 fragments analyzed for 8 starters and between 7 and 17 fragments per starter, of which 78 (81.25%) were polymorphic. Gomes et al. (2013) obtained 105 amplified fragments (79 or 75.2% were polymorphic) from the same species captured in the transposition ladder in the Canoas I hydroelectric plant. Differences (p<0.05) at the frequency of 11 out of 102 fragments were reported among populations. Low frequency fragments (less than 0.100) were reported in A (2) and B (1). Three limiting fragments (frequency of 1,000) were registered in population A and three exclusive fragments (not present in other populations) in population B (Table 2 ).
According to Jacometo et al. (2010) , low frequency fragments may be due either to the bottleneck effect or to the founder effect. Although results provided low frequency fragments in both populations, a high genetic variability exists within each stock, tending towards population differentiation. The above shows that the reproduction of specimens in the two places may have contributed to maintain genetic variability. Genetic variability in the stocks, calculated by Shannon´s Index and by the percentage of polymorphic fragments (Table 3) , revealed adequate variability rates within each population, agreeing with the presence of limiting and exclusive fragments, even in the presence of low frequency fragments. Population B (upstream) had the greatest variability. According to LoperaBarrero et al. (2010) , populations with a great number of specimens or natural populations with high genetic variation allow variability among the specimens. Results of current assay showed that the natural stocks of S. brasiliensis have adequate intrapopulation genetic variation, especially in population B (upstream). Comparative analysis in grouping A x B with AMOVA revealed that most variations are within each population rather than between them. Distance and identity showed high genetic distance (Table  4) . Results were corroborated by Fst (0.186) and Nm (4.17) rates. According to Wright (1978) , there was high genetic differentiation, with a low number of migrants (χ 2 : 20.83). Genetic differentiation detected by the presence of exclusive fragments is evident, and revealed that the two populations have a different genetic structure. Table 4 . Analysis of molecular variance (AMOVA), variation source (VS), sum of squares (SS), coefficient of variation (CV), percentage of variation (%V), distance (D) and genetic identity (I) in populations of S. brasiliensis. Studies on S. brasiliensis populations captured in the transposition ladders of HPPs were undertaken to analyze the genetic variability of the species during the passage of fish upstream the dam. Lopes et al. (2007) reported a greater variability within each population in the HPPs Canoas I and Canoas II on the Paranapanema river, Brazil, than there was among populations (1.78%). The same authors also reported low genetic differentiation (Fst = 0.018; p<0.05) and low genetic distance (0.015) and concluded that the specimens of the two populations were genetically structured as a single population. Results differed from those in current assay: populations downstream and upstream the Cachoeira Branca indicated high genetic difference (Fst =0.186; p<0.05) and showed that the specimens of each group were structurally two different populations. On the other hand, Gomes et al. (2013) studied S. brasiliensis captured on the transposition ladder in Canoas I and registered and Nm (1.68 -4.35) rates revealing different structurally different populations. Current research showed that Nm rates also indicated low gene flow between populations A and B. Nevertheless, gene flow exists and mainly occurs upstream to downstream the waterfall, although the gene flow is impaired when the HPP was constructed. Marteleto (2015) studied Astyanax bifasciatus population in the Jordão river (formed by the Pedras and Bananas rivers) and compared the variability of the species by microsatellite markers and sequencing in regions with populations upstream the Salto de Curucaca (the region close to the river source) and populations downstream Salto de Curucaca where four small hydroelectric power units were established. Fst rates revealed that populations downstream Salto de Curucaca (where populations of the dams are) were genetically less different than the populations upstream Salto de Curucaca. This fact revealed that the natural barrier had a major role in the genetic formation of populations within the different regions evaluated, due to the recent construction of the dams which did not cause great genetic difference between the populations. The above contrasts the region upstream Salto de Curucaca, or rather, there exists great differentiation when compared to the region downstream, mainly due to the formation of the Jordão river by two other rivers (Pedras and Bananas) with different populations of Astyanax bifasciatus. The same author underscores the existence of an unequal flow between the populations since the waterfall is a downstream/upstream barrier, featuring difficulty connection between the sub-populations. The Cachoeira Branca works similarly, as shown by Marteleto (2015) , since the populations downstream the waterfall do not connect themselves to the population upstream, even though the flow of specimens is possible between the upstream and downstream regions, with an unequal flow between the groups. According to Kano et al. (2012) , in extreme cases, isolation caused by waterfalls may trigger a parallel evolution among genetically distinct populations. Although there is still gene flow between the populations of the Cachoeira Branca, it may be presumed that the construction of the dam will produce future genetic differences.
Grouping
According to Eletrobras-Eletrosul (2014) , manual transposition activities during the 2013-2014 spawning period (piracema) occurred between September 2013 and May 2014, with 95 specimens of S. brasiliensis being transported to the São Domingos river (21 specimens), Araras river (56 specimens) and only 18 specimens to the river Verde. Since the dourado is a migratory species reproducing within the school of fish, it may be presumed that the number of specimens transposed to the Verde River was not sufficient to warrant reproduction success, even though the negative effects caused by dams cannot be minimized. Prior to the construction of the HPP São Domingos, the waterfall did not totally bar the migration of S. brasiliensis, in spite of low gene flow between populations A and B. The plant´s transposition mechanism should allow the passage of fish in a controlled way since the upstream movement of a great number of specimens may empty the downstream stocks. However, no current mechanism is satisfactory in the downstream flow of the species (upstream to downstream). Such a flow would make possible a reduction of gene flow towards the mouth of the river and a higher equilibrium between the upstream and downstream regions of the dam. Further studies are required to evaluate the genetic variability upstream and downstream the dam and in the fish transposition ladder, for a better investigation of current gene flow in S. brasiliensis populations. Dominant marker in current assay proved efficient in the study of genetic variability. Other studies with the same marker for S. brasiliensis (ALMEIDA et al., 2013; GOMES et al., 2011 GOMES et al., , 2013 LOPES et al., 2007) and in other fish species (JACOMETO et al., 2010; , 2010 LOPES et al., 2009; PAULA et al., 2006; POVH et al., 2008b ) also gave positive results. In fact, dominant markers still have great possibilities of information for the initial review of genetic processes in natural populations or in fish stocks.
Genetic variability was high within each population and differences existed between downstream and upstream populations from the Cachoeira Branca with low gene flow among the specimens of the groups. The construction of the HPP São Domingos supposes changes of gene flow between the populations and a controlled fish transposition will be required to maintain the genetic variability between them.
